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Abstract 
Sensing coverage is one of the crucial characteristics for wireless sensor networks. It has to be considered in the 
design of routing protocols. LEACH (Low Energy Adaptive Cluster Hierarchy) is a signi cant and representative 
routing protocol which organizes the sensing nodes by clustering. For LEACH, residual energy should be considered 
in order to overcome the inequality of energy dissipation rate. Considering the impact on these two factors of a 
network, we have proposed a coverage-preserving energy-based clustering algorithm (CEC), which is an improved 
LEACH. Through improving the threshold for cluster-head selection, CEC achieved more effective results than the 
other baseline protocols. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Wireless sensor networks (WSNs) consist of a large number of sensor nodes which are organized 
automatically to monitor a 
self organization, WSNs have been treated as the next generation of sensing technique[2]. They represent 
able the reliable monitoring for 
applications that include military  
One of the challenges in the design of WSNs is energy-
batteries. It is impossible to change them because of the huge amount of nodes and the potentially 
dangerous environment. Clustering is one of useful and simple method to organize nodes converging data. 
LEACH (Low Energy Adaptive Cluster Hierarchy)[3] is the earliest cluster formation routing protocol. 
The basic idea of it is to select out some 
transport them to sink between different CHs. Because the nodes will be selected as CH alternatively, it 
would be able to balance the energy consuming. As a result, it can 
Available online at www.sciencedirect.com
 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of ICMPBE International Committee.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Xin Di /  Physics Procedia  33 ( 2012 )  1054 – 1059 1055
preconditions of LEACH are the equalities of initial energy and energy dissipation rate among all 
nodes[4]. Unfortunately, they are hard to be realized for practical networks. Therefore HEED (Hybrid 
Energy-
 
of WSN, coverage rate is 
control and routing protocols can not be independent of coverage issue[6]. In [6], the LEACH-C was 
proposed based on overlapping coverage without residual energy awareness. To achieve more effective 
results, we present a coverage-preserving energy-based clustering algorithm (CEC) using different way to 
develop clustering threshold and based on residual energy. 
2.Model and definition 
2.1.Energy Dissipation Model 
Single sensor node energy dissipation can be divided into two parts: receiving and sending. According 
to wireless transmission theory, the energy consumptions of sending and receiving k bits message 
successfully between two nodes can be computed as followed equations: 
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Where d  is the distance between two nodes, elecE  is the energy being dissipated to operate the 
transmitter or receiver circuitry per bit, and amp  is the energy dissipation of the transmitter power 
with a distance of d =1 unit away.  
2.2.Network Model 
We assume that the network consists of N nodes, which are randomly scattered in a two dimensional 
 A . It has the following properties: 
 sensor nodes are relatively static; 
 dense deployment, the blind points caused by deployment  
 all nodes have equal initial energy; 
 the nodes are able to be located by themselves through position algorithm. 
2.3.Lifetime Model 
 
  
 until one of  
 until the whole network is separated into several disconnected parts. 
number of unavailable nodes as the criterion of lifetime. We consider the average energy dissipating and 
coverage together, so we treat the coverage as a key characteristic to testify the lifetime. To be detailed, 
 
 Coverage rate of sensing area C : The proportion of coverage area size and whole 
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sensing area size. 
The lifetime termination condition: the minimum value of C , minC . 
3.Algorithm design 
In this chapter, we present the CEC algorit
overlapping sensing coverage rate, and then improve the cluster head selection algorithm. Finally, we 
propose the cluster formation procure. 
3.1.Overlapping Sensing Coverage Rate  
There might be some points overlapped by more than one node. For node N, the sum of overlapped 
points 
rate of node N. 
 The overlapping sensing coverage rate: Assuming that node N has n neighbor nodes, and 
the overlapping coverage rate of node N is:  
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where )(NS  is the sensing coverage size of node  N , )(NS goverlappin  is the overlapping 
sensing coverage size of node N, it can be computed as followed:  
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where )(NS j goverlappin  is the overlapping sensing coverage size between node N and its j neighbor 
nodes. 
3.2.Cluster Head Selection Algorithm 
The cluster head selection algorithm of LEACH is able to make sure that average energy dissipation 
under the condition of equality in the initial energy and energy dissipation rate. Considering the effects of 
residual energy, the CHs would consume energy more quickly than the other nodes. As a result, the 
possibility of being CHs for the nodes with more residual energy would be larger than the other nodes. 
When the overlapping sensing coverage rates are different from each others, the death of nodes would 
have different effects on the whole network sensing coverage rate. When one sensing node has higher 
overlapping coverage sensing rate, there would be larger possibility to be a CH since its death would has 
very little affect on the whole network sensing coverage rate C . For example, if a node is fully 
is out of function. 
Taking the previous analysis into consideration, we make an improvement of LEACH cluster head 
threshold: 
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where p  is the percentage of CHs, r  is the round, Energyip  and 
erage
ip
cov  can be computed as 
followed: 
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where iE  is the node is residual energy, and the iE  
residual energy. 
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where )(iCn  is the node is overlapping coverage rate, and the iC  
average value of overlapping coverage rate. 
  The change of threshold can make sure that the nodes with larger overlapping sensing coverage rate 
and residual 
energy can get more chance to be the CHs. 
3.3.Message Complexity Analyzing 
 
Theme 1: The complexity of CEC is )(n , where n is the number of sensing nodes. 
 Proof: During the procedure of CEC, all nodes broadcast the residual energy information at rst. It 
would bring n messages energy load. And then nodes can utilize the information to build the neighbor list. 
After computing the overlapping coverage rate, every node must broadcast it again. It would create n 
ADV_C message. At the period of clustering, CHs would broadcast ADV_HEAD message, and the other 
nodes would send joint message. As a result, the amount of message is 3n. So the complexity of 
algorithm is )(n . 
4.Simulation 
In order to evaluate the performance of CEC, we do the simulations by NS2, and compare it with 
LEACH and HEED which are regarded as baselines. In experiments, we uniformly distributed 100 
sensing nodes with the sensing radius R = 15 in a M  = 100 square area. The probability density is 
21/M M  is far from 
the center. The initial energy for each sensing node is 1J. The model of energy dissipation is described in 
chapter 2. We set the energy dissipation parameters as bitEelec /nJ50 , unitbitnJamp //1.0 . 
When d <150, =2; d >150, =4. In order to avoid the chance factors, we do the same experiments 
in 100 times, and calculate the average values as the results. 
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4.1.Network Sensing Coverage Rate 
Fig.1 shows the network sensing coverage rate versus clustering rounds. The simulation process is up 
to 1000 rounds. From Fig.1, it can be divided into three phases. 
little nodes died, so the coverage rate is closed to 1. After 800 rounds, the sensing coverage rate decreased 
sharply with the death of nodes. During this phase, some nodes with high low overlapping sensing 
coverage rate was saved by CEC so it also could achieve near to 50% sensing coverage rate. And with the 
more unavailable sensing nodes, the coverage rate decrease gradually during 1600-2000 rounds. Finally, 
the CEC still could achieve near to 0.2 coverage rate, but almost all nodes are unavailable for LEACH 
and HEED, it is because the awareness of the residual energy makes the energy dissipation to be more 
balance. 
 
Figure 1. Network sensing coverage rate C versus the time steps 
 
Figure 2. Lifetime in different sensing coverage rate acquirements 
4.2.Network Lifetime 
 according to coverage rate. The process is up 
to 1000 rounds. In order to show the performance for different applications, we choose a set of coverage 
rates and do the experiments for several times. Fig.2 shows the results which network sensing coverage 
rate versus rounds. Compared to the LEACH and HEED, CEC is few better with full or near to full 
coverage. But with half or near to half coverage rate, CEC is much better than them. The reason is that 
more nodes with low overlapping coverage rate can be preserved by CEC than LEACH and HEED when 
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a lot of nodes are out of function. 
5.Conclusion 
In this paper, we present a clustering algorithm aiming at coverage-preserving for 
randomly-distributed dense wireless sensor networks. According to residual energy and overlapping 
coverage rate, the sensing nodes and there neighbor nodes can compute there own threshold values for 
cluster head selection. Through the simulations, CEC can achieve better performance in 
coverage-preserving and lifetime-prolonging than LEACH and HEED. 
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